Classification of rat hepatocellular proliferative lesions can vary between pathologists as the many qualitative histologic criteria have not been satisfactorily evaluated and ranked for prognostic value. Computerassisted morphometry offers an objective method to evaluate certain cellular features. The Solt-Farber resistant hepatocyte model was used in this study to produce populations of rats with a full range of hepatocellular proliferative lesions. Cellular features within the lesions were then measured morphometrically and the data were analyzed by animal age and by subjective lesion diagnosis. The nuclear/cytoplasmic ratio followed by the cell area and nuclear area were found to be the most important parameters for separating microscopic foci and islands of cellular alteration, an early hyperplastic lesion, from other hepatocellular proliferative lesions. The coefficient of variation, as a relative measure of heterogeneity, increased in a linear manner for cell, nuclear and nucleolar areas as the animals aged and was significantly higher for cell and nuclear area in hepatocellular carcinoma compared to other hepatocellular proliferative lesions. Hepatocyte nodules (representing primarily late hyperplastic lesions) and persistent hepatocyte nodules (lesions with similarities to hepatocellular adenoma) could not be satisfactorily separated within the limits of this study. As these borderline lesions show a continuum of cytologic change, other features, such as architectural change, are necessary to satisfactorily classify them on a subjective basis. An ahernative approach is to use discriminant functions derived from morphometric studies.
INTRODU~ION
The classification of rat hepatocellular proliferative lesions has been a continuing challenge for the industrial pathologist faced with the evaluation of drugs and chemicals for their carcinogenic potential.
Various classification schemes have been proposed aimed at standardizing the nomenclature in a manner acceptable to the majority of pathologists (29, 31, 43, 47, 53) . 'Rat .liver .tumor development is believed to occur by a sequential process (18) (19) (20) .
Foci of cellular alteration or hyperplastic lesions generally precede hepatocellular adenomas which in turn precede hepatocellular carcinomas. There are a multitude of qualitative criteria t o assist the pathologist in assigning a proliferative lesion to one of these categories. In most cases, these are sufficient. However, it occurs regularly that lesions do not fit easily into any one category and in these cases a pathologist must use his or her subjective judgement based on experience and reading to assign a diagnosis. Which criteria are given more importance (for example basophilia or nuclear size) can account for individual pathologists reaching different diagnoses. A quantitative assessment of certain features could possibly reduce these diagnostic differences, if the features were found to be characteristic of specific stages of rat liver tumor development. It is known for instance that the human eye has difficulty assessing small but reliable differences in the density or size of objects, especially if they cannot be viewed closely together so that a relative assessment can be (45, 46) was used to produce populations of rats with these lesions as this is now a well established model, with a considerable amount known about many of the sequential steps leading from the initial interaction of a chemical carcinogen or its metabolite with normal hepatocytes to the development of hepatocellular carcinoma (2 1). A schematic representation of the sequential changes that occur using this model is presented in Fig. 1 . Cell proliferation has been shown to be essential to fix the relevant biochemical change following exposure to a carcinogen (12, 14, 22) . Rare initiated cells, induced by this exposure, can then be recognized by taking advantage of a new property they have. acquired, the ability to resist the mito-inhibitory effect of carcinogens in general (52) . A second carcinogen is administered for a limited period to inhibit multiplication of normal hepatocytes and during this period a stimulus for cell proliferation is given, for example by a partial hepatectomy. Under these conditions, only resistant, carcinogen-altered hepatocytes proliferate and they proliferate until they can be recognized as microscopic foci of cellular alteration. These foci continue to expand, becoming macroscopically visible, when they may be referred to as hepatocyte nodules (21) . As the mito-inhibitory effect of the carcinogen administration wears off, normal (extra-lesional) hepatocytes begin to proliferate. The majority of hepatocyte nodules then begin to remodel (or regress) and become integrated into the normal liver architecture. By definition, this major population of hepatocyte nodules is hyperplastic. A few hepatocyte nodules, however, do not remodel but persist and slowly enlarge. A series of yet undefined steps may then occur leading to the development of hepatocellular carcinoma.
The resistant hepatocyte model has the advantage over other rat liver tumor models in that there is a considerable degree of synchrony of lesion development between animals in the early stages. This synchrony continues to an unusual degree for up to 2 months following the experimental procedures (4 1). Later stages of ,tumor development show less and less synchrony making investigations of the later steps leading to hepatocellular carcinoma more difficult.
METHODS

Experinierital Procediires
Two experiments were performed to produce hepatocellular proliferative lesions ( Fig. 2 ). Both experiments had the same design. They differed only in the time to killing. The experimental procedure was a modification (26) of the original design proposed by Solt and Farber (45, 46) . Male Fischer 344 rats (Charles River Breeding Laboratories, St. Constant, Quebec) were administered diethylnitrosamine (Sigma Chemical Co., St. Louis, Missouri) dissolved in 0.9% NaCl solution, at a dose of 200 mg/ kg body weight and as a single intraperitoneal injection, to produce a population of initiated liver cells. Eighteen days later 2-acetylaminofluorene (Sigma Chemical Co., St. Louis, Missouri) was administered at a dose of 200 mg/kg body weighvday by gavage for 3 consecutive days to inhibit liver cell proliferation. To select for and recognize cells that could resist this mito-inhibition, the initiated cells, a standard 2/3 partial hepatectomy (27) was performed under ether anesthesia the day after the last dose ofAAF. Killing periods were selected following the experimental procedure in an attempt to harvest hepatocellular proliferative lesions at different stages of development. Since the killing periods in the first experiment did not identify a sufficient number of early hepatocellular proliferative lesions, a second experiment was performed. Animals were housed individually in polypropylene shoebox bins at a mean temperature of 71°F and a mean relative humidity of 54% with a 12-hr light/dark cycle and with food (Purina rat chow #5002) and water ad libittim. They were checked twice daily for signs of ill-health. The animals were 6 weeks old when obtained. Following a 2-week acclimatization period, their mean weight at the start of treatment was 188 g for the first experiment and .215 g for the second. Six rats were killed at each time period indicated ( Fig. 2 ) by inducing anesthesia with an intraperitoneal injection bf sodium pentobarbital followed by exsanguination from the abdominal aorta. The animals were assigned to a killing period by a computerized randomization procedure undertaken before treatment was started. A 1-2-mm transverse section of the right anterior liver lobe was removed at necropsy, fixed in 10% buffered formalin, processed and embedded in paraffin, sectioned at 5 pm and stained with hematoxylin and eosin.
Objective Assessments-Morphonzetry
Evaluation of Lesions. All hepatocellular proliferative lesions were measured using a standardized counting technique ( Fig. 3 ). Planimetric measurements were made of cell, nuclear, and nucleolar areas using a Leitz microscope tracing device and a Zeiss/ Kontron IBAS image analyzer. Each slide was oriented on the microscope stage with the label to the right. The proliferative lesion closest to the 6 o'clock position was used for the first or only measurement.
. The number of cells from the periphery to the center of the lesion was counted to determine the midpoint. Fifty cells were then measured from the outer half and 50 cells from the inner half using a battlement technique. Since, in rapidly expansile liver lesions, cells at the periphery can be expected to be flattened and therefore different from those at the center, cells from both areas were measured. Only cells with a clearly defined boundary and nucleolus were measured. If there were insufficient cells in one lesion, cells were also counted from other lesions moving in a clockwise direction until 100 cells had been counted/animal. If lesions were very large so that a battlement counting technique could not ensure that cells were measured at both 6 'o'clock and 12 o'clock positions, half the cells (25 from the outer half and 25 from the inner half) were counted starting at the 6 o'clock position and the remainder starting at the 12 o'clock position. In the last 2 killing periods of the first experiment, as the masses were very large and occupied a large percentage of the liver lobe, 50 cells (25 from the outer half and 25 from the inner half) were measured at the 6, 9, 12, and 3 o'clock positions for a total of 200 cells. In these large lesions, this procedure also allowed the sampling of areas that may have had different morphological appearances. Between 1 and 2 weeks after partial hepatectomy, with the subsidence ofcell proliferation, the character of the proliferative hepatocellular lesions changed from populations of basophilic cells to populations of eosinophilic cells (45). In cases where animals had both types of lesion, 50 cells were counted from each type.
Emlriation of Cells. The animal number, killing period, and subjective lesion diagnosis were coded using the IBAS file system. Calibration was undertaken using a Zeiss 1-mm microscope scale. Area was the selected parameter. The cell, nuclear, and total nucleolar areahucleus were entered sequentially into 3 channels of the IBAS computer by encircling the perimeter of each area by moving the cursor on the IBAS digitizer pad and viewing the superimposed image of the cursor light as placed by the mirrors of the tracing device on the microscope field of view. A correction for Holmes effect was not necessary as only intact, sharply delineated hepatocytes cut through the center were measured (1). All nucleolihucleus were measured before proceeding to the next cell. A channel adder program was used with the IBAS computer to derive the total nucleolar areahucleus and the number of nucleoli/ nucleus. Statistical files were generated for each of the 3 channels using a Statistical File Composer program for use with the IBAS computer. This organized the data at the cell level. The files were then transferred to an IBM-PC and the data were sorted using both the data base program dBASE I11 by killing period and subjective lesion diagnosis for both experiments. The program was also used to calculate the nuclearkytoplasmic ratio and the nucleolarhuclear ratio. A basic statistics program was used to generate means and standard deviations for the variables at the animal level. The Symphony Spread sheet program (Lotus Corporation) was then used to: a) assign the animal's age (in weeks) as a function of the killing period; b) to calculate the mean group values and standard deviations by age and by subjective lesion diagnosis for all variables; c) to calculate the coefficient of variation for each variable; d) to generate figures and tables; and e) to generate files for use with the SAS statistical program.
Subjective Assessments-Lesion Classification
The model used in these experiments produces reasonable synchrony of lesion development between animals with respect to the development of early lesions (37) . Similar synchrony cannot be expected in later stages of liver tumor development (1 8). Yor this reason, all hepatocellular proliferative lesions were subjectively classified into 1 of 5 diagnostic categories. The criteria used for this classification were based on the qualitative descriptions in the literature of the microscopic lesions produced using the Solt-Farber resistant hepatocyte model (19, 2 1,36,46). A full description of the criteria used in this study is given below.
Microscopic Foci or Islands of Cellular Alteration (Fig. 4A, B ). These lesions are spherical proliferations of hepatocytes. At 48 hours after partial hepatectomy, they are scattered randomly and are 30 cells in greatest diameter. At this time, they show little or no compression of the surrounding parenchyma. By 7 days after partial hepatectomy, the lesions occupy whole hepatic lobules and have begun to compress the surrounding parenchyma. Up to 30 lesions are then present in a cross-section of the right anterior liver lobe. The cells are closelypacked, obscuring, or obliterating the sinusoids. The vascular spaces remaining are irregularly orientated giving rise to a distorted lobular architecture. In some sites, the cells are arranged in an acinar (or gland-like) pattern. There appear to be more hepatocytes per unit area within these proliferations than in the surrounding liver.
Cytologically, the hepatocytes of these lesions are mostly small, have distinct cell borders, and contain a small amount of dark, basophilic cytoplasm. If the diameter of a homologous red blood cell is used as a reference, the nuclear diameter is generally slightly greater than a red cell and varies between 1 and 2 red cells. The hepatocyte diameter is harder to estimate but is in the range of 3 red cell diameters and varies between 2 and 6 red cells. Small vacuoles are present in the cytoplasm of some cells. The nuclei are round to oval and lightly basophilic, with finelystippled and thinly-marginated chromatin. There are 1-4 round, often eccentric, variably-sized nucleoli. Mitotic figures average 4 per 4 0 x field.
Hepatocyte Nodriles (Fig. 4C, 0 ). These lesions appear at about 10 days after partial hepatectomy. They differ primarily from the microscopic foci and islands of cellular alteration in that the hepatocytes are larger and contain a more abundant cytoplasm which stains lightly eosinophilic. Initially, foci and islands of cellular alteration and hepatocyte nodules are present together, but by 21 days after partial hepatectomy, the foci and islands of cellular alteration are no longer present. The hepatocyte nodules compress the surrounding parenchyma as the lesions and/or cells increase in size. As these lesions begin remodeling (46) at about 2 1 days after partial hepatectomy, the number of lesions per cross-sectional area is less and the lesions show less compression of the surrounding parenchyma. Hepatocyte nodules are spherical, occupy an area equivalent to one or several hepatic lobules, and also contain closely-packed cells with a distorted lobular architecture. Portal triads are seen only occasionally in these lesions and then only close to the edge. There appears to be a similar or lesser number of hepatocytes per unit area within the lesions than in the surrounding parenchyma.
Cytologically, the cells are large and have distinct borders. The nuclei have a diameter slightly greater than a red blood cell but show more variation in size than in the foci and islands ofcellular alteration. The hepatocyte diameter shows even greater variation and ranges from 3 to 12 red cells with an average range between 3 and 4. The cytoplasm of many cells is vacuolated or contains clear areas. Most cytoplasmic vacuoles are clear but some contain an amorphous eosinophilic material. The nuclei are round to oval and pale. There is only very faint chromatin stippling in the center of the nucleus and a thin chromatinic rim around the nuclear border. There are 1-3 prominent nucleoWnucleus and mitotic figures average about l per 4 0 x field.
Persistent Hepatocyte Nodiiles (Fig. 5A, B) . These lesions are generally single and large (3 hepatic lobules in diameter to */2 the size of the cross-sectional area of the liver lobe). They are mostly spherical, but occasionally multinodular, and are clearly demarcated from the surrounding parenchyma by compression. Portal triads are seen on occasion within these lesions but usually close to the edge. There is no normal lobular architecture. Cystic dilatation is a prominent feature in many lesions.
Cytologically, the cells are mostly eosinophilic and large but groups or nests of smaller and lightly basophilic cells are often seen scattered widely throughout the lesion. The nuclear and hepatocyte diameters of the larger eosinophilic cells are similar to those in hepatocyte nodules. The cytoplasm of the eosinophilic cells is relatively abundant and often is vacuolated or contains clear areas. The nuclei show a finely-stippled chromatin pattern and contain 1-3 prominent nucleoli. Mitotic figures vary between lesions (averaging 0-2 per 40 x field).
Hepatocelliilar Carci?ioma (Fig. SC, 0) . These lesions are generally single, irregular and large, often occupying a major portion of a liver lobe. They may compress the surrounding parenchyma or extend into it. The trabecular pattern, when present, is irregular and hepatic cords vary in thickness. Some lesions have glandular or papillary patterns. Evidence of vascular invasion or metastases may be present. Some lesions contain areas of hemorrhage, necrosis, and inflammation.
Cytologically, some tumor cells resemble normal hepatocytes. Others are enlarged and/or show marked variation in cell size. The large cells have nuclei with diameters equivalent to 5 red cells in diameter or more and cell diameters of up to 25 red cells. The cytoplasm is often relatively abundant and is eosinophilic, lightly or darkly basophilic or vacuolated. The nuclei show marked anisokaryosis. Some are irregular in shape and/or have large clear intranuclear inclusions.
Unclassijied (Fig. 6 ). This mass, which was seen in a 77-week-old rat, was multinodular and occupied several hepatic lobules. The cells, which were arranged as single cell plates, were highly basophilic, had a high nuclear/cytoplasmic ratio, and 1-6 nucleolihucleus.
Statistics
The mean and standard deviation were calculated for each parameter by age and by subjective lesion diagnosis. The coefficient of variation, CV, which is the sample standard deviation expressed as a percentage of the sample mean (48) , was then calculated and used as a relative measure of the heterogeneity of the various parameters at different ages or within different subjective lesion categories. An analysis of variance was used to test differences between the parameters in different qualitative categories at the p < 0.05 and p < 0.01 levels. Paired comparisons were performed using Tukey's HSD test. Ratios were evaluated using both raw and log transformed scales. A regression analysis was undertaken using the STAN computer program to identify age-related trends for each parameter, and a discriminant analysis was undertaken as outlined by Losos et a1 (30) to determine which ofthe several variables had most importance.
RESULTS
The measured and calculated response variables by subjective lesion diagnosis are illustrated as bar diagrams in Fig. 7 and the mean group values are tabulated in Table I . Tukey's HSD test showed the following significant differences between microscopic foci and islands of cellular alteration and hepatocyte nodules (MF and HN, respectively The coefficient of variation for cell area was significantly greater in HC compared to HN at the p < 0.01 level and to MF at the p < 0.05 level. When the data were transformed to a log scale HC was significantly greater than HN and MF at the p < 0.05 level. 6) The coefficient of variation for nuclear area was significantly greater in HC compared to MF and HN at the p < 0.01 level and to PHN at thep < 0.05 level.
A summary of the regression analysis to evaluate the lesion variables for significant trends by age is shown in Table 11 . The analysis showed that the mean cell area increased to reach a maximum at 54.1 weeks of age and then decreased. The nuclear/ cytoplasmic ratio decreased to reach a minimum at 64.0 weeks ofage and then increased. The nucleolarl nuclear ratio decreased in a linear manner and the coefficient of variation for cell, nuclear and nucleolar area increased in a linear manner. Individual objective morphometric values by killing period, age and experiment together with the subjective lesion diagnosis are shown in Table 111 .
The variables included in the discriminant anal-ysis and the discriminant function coefficients are listed in Table IV . The absolute magnitude of the coefficient indicates the relative contribution of the corresponding variable to the discriminant function (30). Discriminant Score I explains most of the between group variation, and it can be seen that the nuclear/cytoplasmic ratio is the most important variable followed by cell area and nuclear area. The other variables are of lesser importance. The efficacy of the classification function coefficient is illustrated in Table V and shows how each lesion would be reclassified using the function. The table shows that the function effectively separates microscopic foci and islands of cellular alteration from all other categories. There were, however, insufficient lesions diagnosed as hepatocellular carcinoma to adequately test the ability of the function to classify lesions, as would preferably be done by dividing the populations in 2, using one population to derive the function and then seeing if the function could correctly classify the second population. On the basis of the limited evaluation, the unclassified lesion appeared to be more likely to be correctly identified as a microscopic focus or island of cellular alteration. This is shown graphically in Fig. 8 , which shows a plot of discriminant Score I versus discriminant Score 11. measurements were of most value in distinguishing microscopic foci and islands of cellular alteration, which in this model represent early hyperplastic lesions, followed by hepatocellular carcinoma. Of the various measured and derived parameters, the nuclearkytoplasmic ratio was the most useful for dis-, tinguishing microscopic foci and islands of cellular alteration and the coefficient of variation (as a measure of relative heterogeneity) of the cell and nuclear areas was the most useful for distinguishing hepatocellular carcinoma.
DISCUSSION
Lesion Classijication
The Solt-Farber resistant hepatocyte model was used to undertake this investigation as it is a well established model (16, 18-23, 35-37, 41, 46, 47,  50-52) that can be used to study both hyperplastic and neoplastic liver lesions. Rat liver tumor development is generally regarded in all model systems as a sequential process (18-20). Foci of tinctorial change or hyperplastic lesions may give rise to benign hepatocellular adenoma which may then undergo malignant change and give rise to hepatocellular carcinoma. There is direct evidence for such a sequential process in a synchronized system such as the resistant hepatocyte model (45). Hyperplastic lesions may have a future tumor path programmed in their cell genomes but may only be able to express that direction under certain environmental influences (7). The 2 options for hyperplastic liver lesions 25 -4.75 -4.25 -3.75 -3.25 -2.75 -2.25 -1.75 -1.25-0.75 -0.25 0.25 0.75 1.25 1.75 are remodeling or persistence (1 6). Classification of rat liver proliferative lesions takes on considerable importance when one wishes to evaluate the carcinogenic risk following the administration of a compound over a specified proportion of an animal's life span, as this period of administration then represents the critical environmental influence. Several schemes for classification of rat hepatocellular proliferative lesions have been proposed for use in chronic 2-year bioassays to evaluate drugs and chemicals for carcinogenicity (29, 31, 43, 47, 53) , but they do not indicate the relative importance of the various features. In most cases this is not necessary, as the combined qualitative features allow general diagnostic agreement. Some cases, however, present diagnostic difficulties and these cases can be critical to the interpretation of these studies. Morphometry offers a means to categorize the importance of some histologic features. The technique has the advantage that it is reproducible, objective and capable of detecting small but significant differences that cannot be appreciated by the human eye (3, 51) .
The lesions in this study were classified according to the terminology used for the Solt-Farber resistant hepatocyte model system. Most of the terms used with this system are neutral and do not imply the biological significance of the lesions as is the case with other classification systems.
From the available evidence (2 1 , 46) most of the microscopic foci and islands of cellular alteration correspond to early hyperplastic lesions, most of the hepatocyte nodules to late hyperplastic lesions, and the persistent hepatocyte nodules have morphological and biochemical similarities in hepatocellular adenoma (9, I9,2 1). The behavior of hepatocellular adenomas in different biological systems is not, at present, clear.
Method of Evahiatiori
The intent of this work was to determine if morphometric measurements could increase the interpretative capability of diagnosing rat hepatocellular proliferative lesions seen in a single slide. Paraffinembedded, hematoxylin and eosin stained, 5-pm sections were used as these are the sections routinely used to evaluate 2-year chronic bioassays. Planimetric measurements were undertaken to provide relative 2-dimensional measurements (54). Threedimensional data could provide absolute values but various procedures are necessary in this case for both undertaking the 2-dimensional measurements and for converting the 2-dimensional measurements to 3-dimensional data. The ideal specimen for stereological purposes would have zero thickness and would pass through structures of perfect contrast (55). To obtain absolute values for cell structures of different size it may also be necessary to evaluate samples at different levels of discrimination (57) as well as correcting for the Holmes effect. This is the effect of section thickness and it can account for structures of greater contrast appearing larger than they really are at the surface ofthe section (55). A correction for the Holmes effect was not undertaken in this study as only intact and sharply delineated hepatocytes cut close to the center were evaluated (1). Another consideration in this planimetric study was the very close estimate of the nuclear/cytoplasmic ratio that can be obtained from single sections of approximately spherical objects when only those objects cut close to their center are used for the evaluation (15). The criterium in this case was that the measured hepatocytes should have a recognizable nucleolus. It has been shown when quantitating liver foci using different model systems that the frequency and size of foci do not necessarily d at SAGE PUBLICATIONS on December 9, 2012 tpx.sagepub.com Downloaded from reflect the number or size of the foci in the 3-dimensional tissue (1 1). This limitation was offset in this study because only cells within lesions were measured, not the lesions themselves, and the cells measured were all cut close to their center.
Outcome of the Study
The differentiation of hyperplastic and neoplastic hepatoproliferative lesions using subjective morphological criteria alone requires a thorough evaluation of both the lesion and the surrounding tissue. Pathological changes elsewhere in the animal or changes occurring in other animals receiving the same treatment may support the diagnosis. Hepatocellular hyperplasia, for example, is generally a multifocal change (29, 32, 33) and in 2-year carcinogenicity bioassays may be largely a regenerative response. Evidence of hepatocellular degeneration together with regenerative, reparative and inflammatory changes would tend to support a diagnosis of hyperplasia if the evidence supports degeneration as the primary event. Such changes, however, are not always present in individual animals or are of minimal severity. Fibrosis, for instance, is generally less marked in rats following a toxic insult than in humans (31) . The impression was gained in these experiments and is supported by other work (37,4 1, 49) that hepatocellular proliferative lesions unassociated with any significant extra-lesional changes could regress or remodel. In the absence of suitable tissue to investigate various histochemical changes within lesions, such as changes in enzymes involved in carbohydrate metabolism (5, 6), biotransformation (2, 10, 17, 23, 39) or conjugation (2, 13, 17, 23, 34, 40, 42) , or of a suitable study design that would.allow supportive investigations such as transplantability of the lesion (39, 50, 56) , the investigator must rely on a thorough morphological evaluation of the lesion. An optimal study design (e.g., adequate numbers of animals), consensus opinion and/or morphometry can help.
Since reasonable synchrony of tumor development between animals cannot be expected in the later stages (18) , the hepatocellular proliferative lesions produced in this study were evaluated not only by animal age but by standard subjective criteria and assigned to one of 5 diagnostic categories, namely, microscopic foci or islands of cellular alteration, hepatocyte nodules, persistent hepatocyte nodules, hepatocellular carcinoma and, in the case of one lesion, unclassified.
Cells within the microscopic foci and islands of cellular alteration were found to have a significantly lower mean cell area ( p c 0.05) and a significantly higher nuclear/cytoplasmic ratio, nucleolar/nuclear ratio and mean nucleolar count/nucleus than cells in hepatocyte nodules, persistent hepatocyte nodules or hepatocellular carcinoma. These differences can be accounted for as a result of relatively more cells being recruited into the cell cycle consequent to a strong selective force, in this case the partial hepatectomy. Such a force also leads for a short period to a relatively homogeneous population of cells (37), a fact which would tend to explain why the discriminant analysis was most satisfactory at identifying this category of lesion. Microscopic foci and islands of cellular alteration appear fairly shortly after partial hepatectomy (1-2 days) and grow to reach a size of about 1 mm in diameter by about 10 days after partial hepatectomy. At this time, their character changes. The cells become larger, the cytoplasm more eosinophilic and the nuclear/cytoplasmic ratio decreases (Fig. 4) . These secondary lesions, which are referred to as hepatocyte nodules, continue to expand, and may exceed 1 cm in diameter. Ninety-five to 98% of these lesions are hyperplastic as they regress (2 1). The remainder persist and are called persistent hepatocyte nodules. Morphological features recommended for differentiating hyperplastic lesions from hepatocellular adenoma, which morphologically is similar to .the persistent hepatocyte nodule, include for the latter more prominent compression of the surrounding parenchyma and loss of normal architecture, and cytologic atypia (31) . These and other criteria (see Methods) were used to separate these lesions on a subjective basis. If most of the hepatocyte nodules were correctly diagnosed, one can conclude that it is difficult, if not impossible, to differentiate hepatocyte nodules from persistent hepatocyte nodules by measuring cell, nuclear and nucleolar areas. Although there was some overlap, most hepatocyte nodule lesions occurred on a time scale before persistent hepatocyte nodules. When animals having one or other of these 2 lesions were compared, the older animals tended to have lesions with a greater cell area, lower nuclear/cytoplasmic and nuclear/nucleolar ratios and greater coefficients of variation (as relative measures of heterogeneity) for cell, nuclear and nucleolar area. Although these trends were present, however, they were of insufficient magnitude to satisfactorily separate the 2 populations. These trends do, however, indicate that with enough available quantitative data it might be possible to use a discriminant function to classify these borderline lesions.
Hepatocellular carcinoma has long been recognized by the morphological heterogeneity of its cells (44, 58) . Morphological differences among cells within the same tumor have, in fact, been recognized since the last century (38) . They may be due to the presence of different subpopulations capable of breeding true, phenotypic variations caused by the microenvironment or different stages of the cell cycle (28) . The process of carcinogenesis has been described as discontinuous rather than as a continuum based on the evidence that only a small number of cells are involved at some of the many steps (19, 24) . .The morphology of all cells within tumors at different tumor stages does, however, tend to present the investigator with a continuous spectrum of deviations, which can lead to inconsistencies in subjective assessments. Morphometry would appear to be a useful way to test the degree of heterogeneity although the technique does rely on a suitable sampling method to ensure that representative cells are measured (4).
The conclusions that can be drawn from these investigations are as follows: 1) Morphometry can assist in the diagnosis of early hyperplastic lesions, as represented by the microscopic foci and islands of cellular alteration seen using the Solt-Farber resistant hepatocyte model, and in the diagnosis of hepatocellular carcinoma. Morphometry adds an objective dimension to a formerly subjective evaluation (8). The results can be used to rank variables and, given sufficient background data, the technique may possibly be used to classify lesions where subjective diagnostic differences exist between pathologists. 2) Hepatocellular hyperplastic lesions in their later stages, the regressing or remodeling phase, may be difficult or impossible to differentiate from persistent or hepatocyte nodules (lesions with similarities to hepatocellular adenoma). This emphasizes the limitations ofa purely cytological evaluation and points to the need for further investigations to avoid grouping both lesions into the same diagnostic category. These further investigations could be subjective-for example, including an evaluation of architectural change-or objective. With sufficient quantitative data it might be possible to use a discriminant function to classify these borderline lesions.
Further work of this nature is necessary to determine whether similar findings might be found in different strains of rat or under different expenmental regimens.
